The interpretation of several traits contributing to body weight prediction is difficult due to the high degree of correlation among them. Based on this, we examined the relationships between body weight and six morphometric traits (standard length, total length, head length, body depth, dorsal length and caudal length) of two fish species, Oreochromis niloticus and Lates niloticus sampled in Doma Dam, Nasarawa State, Nigeria. The statistical approach adopted was the multivariate principal component factor analysis technique. Two principal components were obtained in Oreochromis niloticus while three components were extracted for Lates niloticus. Their respective factor scores fitted separately in a multiple linear regression model as explanatory variables accounted for 76.6% and 84.5% of the variation in the body weight of the two fish species.
Introduction
Size is generally more important than age in fish, mainly because several ecological and physiological factors are more size-dependent than age-dependent (Kalayci et al., 2007) . Oreochromis niloticus and Lates niloticus are among the most known members of the tropical and subtropical freshwater fishes. The former is recommended by the FAO as a culture fish species because of its importance in aquaculture and its capability in contributing to the increased production of animal protein in the world. Experiments related to animal science are often conducted to develop a model to represent and explain the relationships between variables. Published reports on the relationship between body weight and morphometric measurements of fish are important for the studies on biology, population dynamics and management of species (Ismen, 2002; Mendes et al., 2004; Fafioye & Oluajo, 2005) .
Multiple regression analysis has been used to interpret the complex relationships among body weight and some body measurements. However, its interpretation may be misleading where there exists multicollinearity among the predictor variables. To address this limitation, multivariate factor analysis is more suitable as a statistical method for reducing a complex system of correlations into one of smaller dimensions through the extraction of a few unobservable latent variables, called factors (Tabachnick & Fidell, 2001) . Factor scores can be derived from such multivariate analysis which could be nearly uncorrelated or orthogonal. Such factor scores could therefore be used for prediction, thereby solving the problem of multicollinearity.
In Nigeria, sub-saharan Africa, information on the use of multivariate statistical approach to elucidate the structural relationships among morphometric traits of fish is lacking. Therefore, the present investigation aimed at estimating the body weight of two fresh water fish species (Oreochromis niloticus and Lates niloticus) from their body measurements using principal component factor analysis.
Materials and Methods
Two hundred and fifty two mature fish samples comprising 153 Oreochromis niloticus and 99 Lates niloticus of both sexes were harvested in Doma Dam, Nasarawa State, Nigeria from May to June, 2009. The minimum and maximum atmospheric temperatures during the study period were 23.7 and 31 o C respectively. The water (Dam) average temperature and p H were 28 o C and 7.5 respectively. Seven morphological measurements were made on each specimen following standard anatomical reference points (Omoniyi & Agbon, 2004 , Alp & Kara, 2007 . The body traits measured were body weight (BW), standard length (SL), total length (TL), head length (HL), body depth (BD), dorsal fin length (DL) and caudal fin length (CL). The weight measurement was done using a digital scale while the length measurements were carried out using digital caliper.
Data on the morphometric measurements (body weight, standard length, total length, head length, body depth, dorsal fin length and caudal fin length) of the two fish species were transformed to common logarithms in order to increase linearity and multivariate normality (Pinheiro et al., 2005 ). Log transformed data were then analyzed using univariate [analysis of variance (ANOVA), with means separated using the two-tailed, two-sample t-test] and multivariate statistical methods. The multivariate technique involved the use of principal components. Principal components (PC) are a weighted linear combination of correlated variables, explaining a maximal amount of variance of the variables (Truxillo, 2003) thereby aiding in data reduction. In the PC analysis, cumulative proportion of variance criterion was employed in determining the number of components to extract. The varimax criterion of the orthogonal rotation method was employed in the rotation of the factor matrix to enhance the interpretability of the factor analysis. Factor scores derived from the PC analysis were considered as independent variables for predicting the body weight of fish using the linear multiple regression model. All data were analyzed using the SPSS (2001) statistical package.
Results and Discussion
The basic descriptive statistics [mean, standard deviation, standard error and coefficient of variation (CV)] of body weight and body measurements of Oreochromis niloticus and Lates niloticus are presented in Table 1 . The CV indicates the level of variation of the traits which could serve as a basis for improvement. The phenotypic correlations among the various body parameters of the two fish species are presented in Table 2 . Body weight was highly and positively correlated with all the morphological characters. However, among the linear type traits, the highest correlation (r) was observed between standard length and total length in both fish species (r= 0.88 and 0.98 for Oreochromis niloticus and Lates niloticus respectively). The lowest correlation was between total length and caudal fin length in Oreochromis niloticus (r = 0.51) and between caudal length and body depth in Lates niloticus (r = 0.55). Positive association between body weight and morphometric attributes has earlier been reported (Wang et al. 2008) . Similarly, Cherif et al. (2008) reported high degree of positive correlation between total length and total weight of the 11 fish species investigated. High positive relationships among traits suggest that an increase in one could lead to a corresponding increase in the other trait. As a result of such high correlations, it is possible to predict growth of the whole body from parts thereof. The results of the principal component factor analysis applied to describe body conformation based on several unrelated components are presented in Table 3 . Two principal components (factors) were extracted for Oreochromis niloticus while in Lates niloticus, three components were more informative. These principal components were determined from the six body measurements of the two fish species. PC1 in Oreochromis niloticus was characterized by head length, body depth, dorsal fin length and caudal fin length; while standard length and total length were associated with PC2. These two components together accounted for 88.4% of the total variation of the variables in the factor analysis. In the case of Lates niloticus, the first principal component had its loadings for standard length, total length and dorsal fin length, explaining 71.51% of the total variability. The second (characterized by head length and caudal fin length) and third component (primarily determined by body depth) together explained 17.49% of the generalized variance. The high communalities (0.793-0.973) observed in the two fish species indicate that the variances of variables were efficiently reflected by the components. The present findings are congruous to the submission of Sangun et al. (2009) in Lizardfish.
Principal component factor score coefficients derived from the morphometric measurements of the two fish species are presented in Table 4 . The use of multivariate techniques is receiving increased attention in stock management Sangun et al. (2009) . The use of interdependent explanatory variables to predict body weight should be treated with caution, since multicollinearity has been shown to be associated with unstable estimates of regression coefficients (Keskin et al., 2007; Yakubu, 2009) It was observed that all the selected factors (independent variables) in both fish species had significant effect (P<0.001) on body weight. The Variance Inflation Factor (VIF) and the Tolerance values (1.00 in both cases) indicated that the problem of multicollinearity has been addressed (Table 5) . A combination of the two independent factors in Oreochromis niloticus and the three orthogonal factors in Lates niloticus explained 76.6% and 84.5% respectively of the total variability in the body weight of fish. The present observation on the prediction of body weight of fish from factor scores is consistent with the findings of Sangun et al. (2009) . In a related study in birds, Yakubu et al. (2009) predicted slaughter weight of chickens using factor scores derived from the original body measurements. S.E. = Standard error; R 2 = Coefficient of determination; VIF = Variance Inflation Factor; T = Tolerance
Conclusion
The use of factor scores in multiple regression models is advantageous because they eliminate the problem of multicollinearity, thereby facilitating the interpretation of the regression results. The information obtained in the present study could be useful in estimating growth rates, age structures and other components of fish population dynamics.
